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The stability of plasma Cotfjjinc “'as Studied in Smokers and the v aiidiiy of a brief ques¬ 
tionnaire on environmental tobacco Smoke (UTS) exposure was assessed in nonsmokers. 

The correlation between [fo cotinine levels measured 14 weeks apart was 0.81 in smokers 
(n = 148). A single measurement wjfl classify D5% of all subjects within30% of titeir habitual 
plasma cotinine la-ei. Plasma counlne was higher in ETS-eXeosed nonsmokers (n = 50) 
than in ETS-uuexposcd nonsmokers In = i$; 1-6 ng/mi vs 0.6 aghaliP < 0,0001), but there 
was a substantial port of Iniersubjcer overlap. The sensitivity and specificity with respect to 
seif-reported smoke exposure Were 56 and 89%, respectively. This study shows that a single 
plasma cotinine determination gives a good impression of cotinifle levels. It is dubious if a 
brief questionnaire about hours of p&rsiva smoke exposure in nonsmokers is valid to dis¬ 
tinguish ETS-exposed from ETS-unexposed nonsmokers. ib Is 5“ Aonjamio arms, lac. 

INTRODUCTION 

Cigarette smoking is Important in the etiology ef many diseases, e.g., lung 
cancer and cardiovascular disease (Multiple Risk Factor Intervention Trial Re¬ 
search Group, 1982). As a consequence, correct identification of smoking Status 
and tobacco smoke exposure is of paramount importance in many etiologic stud¬ 
ies. 

Self-repons of smoking behavior may not always be reliable. It is suggested that 
the increasing social unacceptability of smoking could result in significant under¬ 
reporting (Jarvis el at., 1987; Silleit et at., 1978; Pojer ei at., 1984). A number of 
biochemical markers, like nicotine, cotinine, thiocyanate, and carbon monoxide, 
have been used to validate reported smoking behavior and passive smoke expo¬ 
sure. 

Cotinine, the major metabolite of nicotine, seems the most valid indicator of 
smoke absorption, either actively or passively, during the past few days (Jarvis ei 
at., 198 7; Hill et ul., 19S3; Wald et at., 1984) The sensitivity and specificity of the 
cotinine assay for distinguishing smokers from nonsmokers are high (8&-]G0%) 
(Jarvis et at., 1987; Van Vunakis ei at., 1989), although there is a relatively high 
degree of mtersubject variabilityof cotinine levels among subjects claiming to 
smoke the same number of cigarettes per day (Hill et at., 1983; Matsukura et at.. 


t To whom correspondence aheuM be addressed,at TNO-Toxicolpgy and Nutrition Institute, P.O. 
Box 360, 37C0 AJ Zei-il, The Netherlands. 


COJ.3-9351/94 $6.00 

Copyngju ED 1994 by Acartasiic ftou, Inc. 
aU ri girts of reprodumdaa in aoy form jedo-ved. 


j g&iJOODBSE’OW-fll 'IS/W : 9l 10.51 'SO(J1HI) 


Koumos LNamood IS1 mu 

PM3006484915 


Source: https://www.industrydocuments.ucsf.edu/docs/jthj0001 























236 


KEMMfi&EN ET aJL, 


1984; Wall et al., 1988), His mainly reflects individual differences in patterns of 
puffing and inhalation (Hill ei at., 1983; Wall et al., 1988; Langone at al., 1973). 

At this moment it is not known whether a single catinina measurement is a valid 
indicator of long-term smoking behavior. In the present study therefore, we cal¬ 
culated stability of plasma cotinine levels measured at the beginning and at the end 
of a 14-Week period in smokers in whom smoking behavior was not changed. 
From these data we calculated how many measurements of plasma cotinine are 
needed for the correct classification of subjects on their habitual cotinine level. In 
addition, we report cotinine levels in nonsmokers selected for the extent of their 
exposure to environmental tobacco smoke. Furthermore, we get out to assess the 
validity of a questionnaire on sejf-reported passive smoke exposure. 

SUBJECTS AMD METHODS 

Study Design 

We studied healthy male volunteers who participated in an intervention study 
on the effect of ^-carotene supplementation on geno toxicity indices in smokers 
(Van Poppel et al., 1992), These subjects were enlisted by an advertisement in an 
in-house company newsletter of three administrative companies. Volunteers were 
asked to .fill in a questionnaire on smoking habits and passive exposure xo tobacco 
smoke (number of smokers in the home environment, number of smoking col¬ 
leagues at the work place, and estimated hours of exposure to tobacco smoke 
weekly). Table 1 shows the characteristics of the subjects. 

Smoking subjects were selected (n = 363) when they smoked al least IS ciga¬ 
rettes a day for over 2 years. Nonsmokers were selected from the lower and upper 
tail of the distribution of self-reported hours of passive exposure to environmental 
tobacco smoke (ETS). These participants had not smoked actively in the last 5 
years. 

The ETS-uneXposed nonsmokers (n =» 55) had no smokers in the home envi¬ 
ronment. They reported a maximum of 10 hr a week passive exposure to envi¬ 
ronmental tobacco smoke, with the exception of 4 with between 10 and 20 hr a 
week- Only 8 had smoking colleagues ax work, and those reported less than 19 hr 
of total passive exposure a week. The ETS-exposed nonsmokers (n — 50) all had 
one or more smokers in the home environment. Eight reported passive exposure 
of environmental tobacco smoke between 20 and 40 hr a week, and all others 
reported at least 40 hr of exposure a week. Except for 10 subjects, all had smoking 
colleagues at the work place. 

Two blood samples were collected from smokers before and after a study period 
of 14 week3. During this 14 weeks the subjects Were randomly assigned to either 
a carotene (20 mg/day) or placebo treatment (Van Foppei ei al., 1902). The 
subjects were asked to' maintain their habitual smoking behavior. One single blood 
sample was collected from ETS-exposed and ETS-unexposed nonsmokers at the 
beginning of the study period. 

During the trial, one smoking subject lost weight (±10 kg) and one reported 
having changed his smoking behavior from three to one packet of cigarette to¬ 
bacco a week- This subject is excluded for the analyses in this study, although his 



E! 

El 

I 

l 

c ! 

I 

l 

r 

e 

i 

r 

r 

e. 

r 

E 

E 

E 

E 


£2 J 95!IDDD6fi£ 'ON/pfr'-Ql ‘JJB/frS : 91 ID,SI ‘20(ML) 



Noumos mmooa isi mu 

PM3006484916 


Source: https://www.industrydocuments.ucsf.edu/docs/jthj0001 
























i in patterns of 
| et al, 1973). 

ment is a Valid 
refore, We cal- 
; and at the end 
i noi changed, 
sa cotinine are 
itinine level. In 
extent of their 
jit to assess the 


srvention study 
ces in smokers 
:rtisement.in an 
tolunteers were 
sure xo tobacco 
jf smoking col- 
tobacco smoke 

at least 15 ciga- 
,ower and upper 
3 environmental 
sly in the last 5 

the home envi- 
cposuie to envi- 
i 10 and 20 hr a 
d less than 10 hr 
(„ ^ 50) all had 
isssive exposure 
; and all others 
, all had smoking 

tc a study period 
ssigned to either 
r al.. 1992). The 
One single blood 
jnsmokers at the 

ajd one reported 
t of cigarette to- 
jAy, although his 


I I 
f I 

t-fl 
[ 1 
t. I 
Eli 

P 

PI 

a 

m 

S3 


plasma COtininb in smokers and nonsmokers 237 

plasma cotinine concentration hardly changed during the study period ( 349.0 ng/ 
ml VS 313.2 ng/ml, respectively). A total of 14 smokers withdrew participation 
during the 14-week trial. This left 148 smokers and 55 ETS-unexposed and SO 
ETS-exposed nonsmokers for data analyses in this study. 

Analytical Methods 

Nonfasting blood was collected by venapuncttire between 8.30 and 14,00 hr. Ail 
blood samples were stored in the dark at Q-4°C. After 20-23 hr, plasma was 
separated and stored at — 8 Q“C. Plasma cotinine levels were determined by gas 
chromatography with a detection limit of 0,1 ng/ml (Feytrabend and Russell 
1990). , 

For each smoker, plasma cotinine levels of the initial and final collection (re¬ 
spectively cotinine 1 and cotinine 2 ) were determined simultaneously, to eliminate 
a possible between-run variation. Accuracy Was checked by the analysis of two 
Na-EDTA plasma pools. In every run, random blinded split samples (7 for a 
nonsmoker and 17 for a smoker) were included to check the accuracy of the 
methodology. The overall coefficient of variation over all runs was 3%. 

Data Analysis 

To evaluate if the 0 -carorene- and placebo-supplemented smokers could be 
analyzed as one group, differences in cotinine levels between these groups, before 
ad well as after the study period, Were tested for significance with the Student’s i 
test. The data of the ETS-unexposed and ETS-exposed nonsmokers did noi ap¬ 
pear to be normally distributed; therefore, the Mann—Whitney rank sum test was 
used to test the significance of differences in initial cocinine levels between smok¬ 
ers, ETS-unexposed, and ETS-exposed nonsmokers. To validate the question¬ 
naire on self-reported smoke exposure in nonsmokers, the sensitivity (percentage 
of ETS-exposed nonsmokers correctly classified) and specificity (percentage of 
ETS-uneXposed nonsmokers correctly classified) were calculated by selecting the 
value which, in relation to self-reported passive smoke exposure, xuisclassified the 
fewest subjects. 

The relationship between cotinine 1 and cotinine 2 just as the relationship 
between the mean cotinine level and the reported cigarette consumption for smok¬ 
ers was examined by calculating linear regression equations. For ETS-exposed 
and ETS-unexposed nonsmokers, the relationship of cotinine 1 and hours of pas¬ 
sive smoke exposure was also examined by calculating linear regression equa¬ 
tions. Correlations were measured by Pearson’s product moment correlation co¬ 
efficient. ‘The be tween-person variance in mean cotinine level was calculated 
using analysis of variance (one-way). 

The number of measurements (A) needed to estimate the individual cotinine 
level within a certain percentage CD) of a person's habitual cotinine level with a 
probability of 95% was calculated using the equation 
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ivhere CV is the with in-person coefficient of variation (Knuiman et al., 1988), 

Data analyses were performed with the use of the Statistical Analysis System 
software package version 6.06 (SAS, 1990). 

RESULTS 

Jio significant difference was found in plasma cotinine level between the pla¬ 
cebo and g-carotene group, before as well as after the study period. Supplemen¬ 
tation of 3-carotene did not affect the cotinine level. So the pooled data could be 
used. 

In Table 1 some characterisrics of smokers, ETS-unexposed, and ETS-ejtposed 
npnsmokers in this study are presented. These groups are comparable for most of 
the characteristics. A small difference was observed in Queielei index between 
ETS-exposed and ETS-unexposed uor,smokers, with ETS-exposed nonsmokers 
appearing to be slightly heavier. As expected, cotinine 1 was significantly higher 
in the smokers than in the total nonsmokers group (P < 0.9001, Mann-Whitney 
itsl). 

The contrast in self-reported exposure to environmental tobacco smoke was 
considerable: an average of 4.5 hr a week for the ETS-unexposed group compared 
to 72.8 hr a week for ETS-exposed nemstnokers. This contrast was reflected in 
differences In plasma cotinine levels as presented in Fig. 1. For the ETS-un¬ 
exposed nonstnokers the mean plasma cotinine concentration Was 0.6 ng/ml 

TftBLE 1 

CHfllUCTEfUSTieS OF THE SaMM-E POPULaTJON 


Variable 

Smokers 
(ft ** 348) 

ETS“-exposed 
nonamokers 
(n = 50) 

£TS a -Uuexposed 
nonsmokors 
(rf - 55) 

Age (yea r) 

39.3 £9.8) 

37.5 (10.2) 

39.0 (10,3) 

Weight Oik) 

78.9(11.3) 

81.2 (10.2) 

78.2 (8.8) 

Length (cm) 

179.6 (7.5) 

180.2(7.1) 

1S0.4 (5.7) 

QI Oss/m 2 ) 

24.4 (z.9) 

23.0 <2.7; 

24.0 (2.6) 

Smoke duration (year) 

21.1 (10,1) 

— 

— 

lUported consumption of lutocco products 

Cigara utss/day 

21.2 (6.5) 

— 

— 

Qg&fs/day 

0.04 (0,4) 

— 

— 

Pipes/day 

0 

— 

— 

Passive smoking (hr/waek) 

At vyari 


28,7 (14.2) 

2.5 (3-1) 

At homd 

— 

35.3 (22.1) 

0.1 (0.7) 

Elsewhere 


9.0 (9.4) 

0.9 (2-1) 

Total 

— 

72.8 (33.1) 

4.5 (3.6) 

Coiinlae i b (ng/ml) 

327.1 (116.2) 

1.6 (1.5) 

0.6 (0.5) 

Cotinine 2 a (ng/ml) 

316.9 (1 !9.1) 

— 

-' 


jVom, Daia shown are means (SDJ. Numbers lot each variable may differ from the bases because Df 
missing das. 

“ ET 5 . environmental tobacco smote, 

4 Plasma co[tone level before the study period. 

> plasma cctinine. level after the study period (14 Weeks). 
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Pla^fTia cotJnlnfi: (nfl/ml) 

unoxpoaod (n-SS) I r~WJ *xDodDd fn-*so2 

PlG. I. Plasma Golinine levels in ETS-iinexposod and ETS-exposed nonsmokers. 

(range: 0.G-I.9). For the ETS exposed nonsmokers the mean was 1.6 ng/ml 
(range: 0.4-9.O); (P < 0.0001, Mann-Whitney test). As a consequence, there was 
a clear correlation between hours of passive smoke exposure and catkdnc 1 in. the 
total noasmoker group ((1 = 0.01 (ng/ml per hour smoke exposure), P < Q.0001, 
f = 0.42), However, within the ETS-cXposed and FTS-uriexposed group this 
relation was no longer present (ETS-exposed nonsmokers: £ = 0,006, P > 0.35, 
r — 0.14; £TS-unexposed nonsmokers: p = 0.03, P > 0.12. r — 0.24). The cut-off 
value which misclassified the fewest subjects in relation to self-reported passive 
Smoke exposure was 1.1 ng cotinine per milliliter of plasma. The specificity of 
self-reported passive smoke exposure was rather high: 89%. The sensitivity how¬ 
ever was 56%. 

The within-person coefficient of variation in cotinine levels for smokers was 
16.1%, and the between-person coefficient of variation in mean cotinine level was 
22,3%. In univariate regression analysis for smokers, cotinine 1 was positively 
associated with cotinine 2 (see Fig. 2) wiih a high explained proportion of variance 
(0 — 0.83 (ng/ml), P < 0 0001, r => 0.81). The standard error of the regression line 
was 0.05 ug/ml. The reported cigarette consumption was related to the mean 
cotinine level fp = 7.44, P < 0.0001, f = 0-44). However, the explained propor¬ 
tion of variance was low. Regression analyses were done including age, years of 
smoking, and Quetelet index separately with cotinine 1 as a predictor of the 
cotinine 2 level. For all of these variables, the regression coefficient of cotinine 1 
and the amount of variation explained by the model did not change, so these 
Variables are not considered confounders. The same result was found for age and 
Qdeteiet index with ETS exposure as predictor of the coiinine 1 level for non- 
smokers. 

Figure 3 gives the number of measurements needed to estimate the individual 
codnine level within different percentages of a person’s habitual cotinine level 
[95% confidence interval). A single measurement will classify 95% of all subjects 
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cotinrne 1 (ng/ml) 

Fid-2. Regression line of the initial (carmine 1, ng/ml) and final (codnins Z, ng/mi) cotinine eica- 
sureaiont wish 95% confidence limits for the mean and individual predicted values. 

within 30% of their “true” plasma cotinine level. For classification within 10% of 
their habitual level, nine measurements are needed. 

DISCUSSION 



In this study, a correlation in smokers was found between the initial (cotinine 1) 
and final (cotinine 2) plasma cotinine level within a study period of 14 weeks. This 
indicates that a single plasma cotinine determination gives a good Impression of 
cotinine 'levels over a longer term in people having stable smoking habits. Fur¬ 
thermore, this study demonstrated that the sensitivity (percentage of 'ETS- 
exposed nonsmokers correctly classified) and specificity (percentage of ETS- 
unexposed nansmokers correctly classified) for self-reported passive smoke ex¬ 
posure were 56 and 89%, respectively. 

The results clearly show that the cotinine 1 level in smokers is significantly 
higher than that in nonsmokers. This finding is in agreement with previous find¬ 
ings of Muranaka et at. (1988), Pojer et al. (1984), and JarVis et aL (1987). Also, 
a higher cotinine level is found in ETS-exposed 'nonsmokers than in ETS-Un- 

eXposed nensmokers. This is in agreement with findings of Matsukura et al. 
(1984), Wald et al. (1984), and Haley et al. (1989). Cotinine in body Quids thus 
seems a useful marker of exposure to other people’s tobacco smoke. However, 
despite a great contrast between the nonsmoker groups, created by selection of 
the subjects on self-reported exposure, a substantial overlap in cotinine levels 
betWeenETS-unexposed and BTfi-exposed nonsmokers was observed, resulting 
in a low sensitivity of 56% (see Fig. 1), This intersubject overlap Was also found 
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Variability in plastno aotinine within individuals [D) 

Via, 3, Relation between the number at measurements (A needed to estimate the individual coiinine 
level within different percentages (D) of a person's habitual coiinine level (93% confidence interval). 

by Wall et al. (19S8) and. indicates that a number of subjects will be roiaclassifled 
according to self-reported passive smoke exposure. It is doubtful if a brief ques¬ 
tionnaire about hours of passive smoke exposure is valid to distinguish ETS- 
exposed from ETS-unexposed nonsmakers. This could be explained by the fact 
that the degree of passive smoke exposure is not only a function of time an 
individual spends in each setting but also the concentration of tobacco-related air 
pollutants in that environment (Haley et al., 1989) and perhaps over or underre¬ 
porting of passive smoke exposure (Wall ec til., 19S8) can play an Important role. 

We found in this study a strong correlation between cotinine 1 and coiinine 2 in 
people having stable smoking habits. It has been assumed (Hill et al., 1983; 
Zeidsnberg ei al., 1977) that cotinine levels remain fairly constant in individuals 
Who smoke according to a consistent partem- However, this assumption Is based 
on a study of Langons ei al. (1973) in which sera samples from only two smokers 
Were analyzed for cotinine with a very short interim period (3 days before and 8 
days after they stopped smoking). This makes our study the first report on this 
matter for a greater study group over a longer study period. The regression co¬ 
efficient of the relation between coiinine 1 and cotmine 2 in smokers having stable 
smoking habits is somewhat below ihe theoretically expected value of 1.0, Prob¬ 
ably, this is due to regression to the mean (see Fig. 2). The correlation of 0.81 is 
rather high for an epidemiologic study, since the study was not carried out In a 
laboratory setting and was thus more prone to random errors. Higid by variations 
in time period between blood sampling and plasma separation, processing of the 
plasma samples or the amount of blood drawn into a tube is often not feasible. The 
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withia-person variation could also be explained by changing style of smoking in 
time, like differences in inhalation and the number of puffs. Analytical error can 
only be expected to have a minor contribution to the variation over time, given the 
coefficient of variation of only 3%. 

The correlation of 0,44 in this study found between the reported cigarette con¬ 
sumption and the mean cotinine level is comparable to previous reports. Hill el at. 
(1983) reported a correlation of 0,45 among men, Pqjur si at. (1984) reported 0.34 
among men and women, and Pierce el at. (1987) reported a correlation With saliva 
cotinine of 0.33 among men and women. These rather low correlations could 
reflect inaccurate reporting of the number of cigarettes smoked, variability In 
strength of cigarettes, and difference between subjects in metabolism, depth, and 
frequency of inhalation, unsmoked butt length, and obstruction of filter ventila¬ 
tion (Pojer et a!., 1984; Langone ei at.. 1973), Our study had no measures of these 
Variables, so we cannot evaluate the effect of these factors. 

We estimate a deviation around the habitual plasma cotinine level in individuals 
of 30% by one measurement and 18% by three measurements in subjects having 
stable smoking habits. This within-person variability Is of the same magnitude as 
for plasma cholesterol, a frequently used biomaiker. Thompson and Pocock 
(1990) observed 28% deviation with a single cholesterol measurement and 20 or 
14% by the average of two or four measurements, respectively, whereas Scaccini 
et at. (1991) report lower values {10% for one and 6% for three measurements). 
However, the blood samples for cholesterol measurements in the study of Scno 
ctni ei al. (1991) were drawn in a short study period (four mornings during 10 
days). Our study period Was 14 weeks so the chance that the wiiltin-person vari¬ 
ation will rise is much greater. 

In conclusion, this is the first study that indicates that a single plasma cotinine 
determination gives a good impression of cotinine levels over a longer term in 
people smoking more than 15 cigarettes a day and having stable smoking habits. 
Plasma cotinine seems to be a valid indicator of smoke behavior in these people. 
It should be realized, however, that the regression equation la Fig. 2 bears upon 
heavy smokers and cannot readily be extrapolated to cotinine levels below 10D 
ng/ml. It remains to be established whether the results are also applicable to light 
smokers and to people having irregular smoking habits. Furthermore, it is doubt¬ 
ful if a brief questionnaire about hours of passive smoke exposure in nonsmokers 
is valid to distinguish ETS-exposed from ETS-unexposed nonsmokers. Further 
studies with a more detailed questionnaire about intensity of passive smoke ex¬ 
posure are needed to evaluate the effectiveness of this variable. 

ACKNOWLEDGE ENTS 

Wo tkank the AMEV Insurance Co., the TaXEidoa Office, and the Power Co., all based in Utrecht, 
The Netherlands, for collaboradcm in this study. We also thank Dr. W. J. M. J. Gorgels and Mrs. H. 
I rryf-T for assistance in dafti collection. This study was financially supported by i he. Dutch Proven lien 
Fund. 

REFERENCES 

Fcyenihend, C., and Russell, M. A. H. (1990). A rapid gea-Iiquid chromatographic method for Lhe 
jt.-r.-i - m'r.,- r Li- n of coiinine and nicotine In Ulotogjcai fluids. /, Ffaorm. PhdrrnllCQl, 42, 4^0-432. 


I 

I 

I 

E 

I 

E 

t 

r 


t 

E 

t 

t 


t 

t 

t 



62 J 9S1ID0063E 'ON/i7j? : 9l XS/9S'-91 10,31 30(nHI) 


Noumos mwiooa isi mu 


PM3006484922 


Source: https://www.industrydocuments.ucsf.edu/docs/jthj0001 






















FLaSMA COTTNINE IN SMOKERS aND NONSMOKEKS 


243 


e of smoking in 
lyrical error can 
rtime, given the 

■d cigarette cdb- 
ports. Hill et at. 
4) reported 0,34 
ition with saliva 
[relations could 
d, variability In 
ism, depth, and 
of filter ventila- 
saaures of these 

el i« individuals 
subjects having 
is magnitude as 
an and Pocock 
men! and. 20 or 
hereas Scaccini 
neasurements). 

study of Scan¬ 
nings during 10 
un-person van- 


plasma corinine 
longer term in 
;mokmg habits, 
n these people, 
g. 2 bears upon 
vels below 100 
pli cable io light 
ore, it is doubt- 
in Hocstnokers 
ickars. Further 
sive smoke ex- 


l based in Utrecht, 
Mgds and Mrs. H. 
• Dutch Prevention 


ije method for the 
-oL 43, 4SO-452. 




Haley, N, J., CoJosimo, S. G., Axcirad, C. H., Hards, R., and Scpfcovjc, D, W. <1989). Biochemical 
validation of self-reported exposure to environmental tobacco smoke. Environ. Res. 49,127-135, 

Hill, Haley, N. J., and Wynder, E. L. (1983). Cigarette smoking: Carboxyhsmoglobin, plasma 
nicotine, coiinine and thiocyanate vs adf-reportod smoking data and cardiovascular disease. J. 
Chronic Ois. 3d, 439-449. 

Jar-'is, M. J., Tiiristab-Pcdoa, EL, Fcyerabend, C., Vnsey, C,, and Saloqjee, Y. (1987). Comparison of 
tests used to distinguish smokers from nonsniokers. Am- J. Puttie Health 77 , 1435-1438. 

Knoiman, J. T., Van Popped. G., Buremn. J,. Van der Hcyden, L,, and Hkutfast, 1. G. A. J. (19SS). 
Multiple overnight urine collections may be used for estimating the excretion of electrolytes end 
creatinine. Ciln. Cfiem. 34, 135-138. 

LBBganei J. J., GJlka, H, B., and Van Vunakia, ft. (1973), Nicotine and its metabolites, Radioimmu¬ 
noassays for nicotine and eotinina. Miockemhtry 12, 5025-5030, 

Matsuktua. S„ Taminafo, T., and Kitano, N., ct at. (1984). Effects of environmental tobacco smoke 
on Urinary eounine excretion in honamokerii. N. Engl. J. Med- 311, S2B-S32. 

Multiple Sisk 'Factor Intervention Trial Research Group (1982). Multiple risk factor Intervention trial: 
Sisk factor changes and mortality results. JAMA 243, 1465-1477, 

Mumnaka, H., Higashi, E., Irani, S., and Shirriau. Y. (1988). Evaluation of nicotine, cotinme, thio¬ 
cyanate, carboxyhemagiabin, and expired carbon monoxide as biochemical tobacco smoke up¬ 
take parameters, /nr. Arch. Occup, Environ. Health 50, 37-41. 

Fierce, J, p„ Esvyer. T-, and DiOiusro, E.. el at. (1987). Cotinino validation of self-reported smoking 
in commercially run community Surveys, j. Chronic DLs- 40, £89-695, 

Pqjer, R., Whitfield. J. B., Pouios, V., Eckhard, I. F., Richmond, SL, and Hensley, W. J. (19S4). 
Carbojtyhemogiobin, couninc and thiocyanate assay compared for distinguishing Smokers from 
nonstnokars, Clin. Chem. 30, 1377-1380, 

SaS. (1990). "SaS User's Guide: Statlstica."' Version 6. 4th ed,, VoL 2. SaS iusduito Inc., Cary, NC. 

Scaccini, C., Marcelli, M-, and D'Amieis, a. (1991), Effect of the short-term day-today variability of 
scrum lipids 3a the accuracy of CHD-nsk assignment, in “Hiamariscrs of Dleiary Exposure" (F, J. 
Kofc and P, van’t Veer, Eds.), pp. 98. Smith-Gordon. London, - 

Siltett, R. W,, Wilson, M- B-, Malcolm, R- u - - and Ball, K, P, (1978). Deception among smokers Br 
Mad, J. 2, 1185-1184. ;v 

Thompson, S. G., and Pocock, S. J, <1990). The variability 0 f serum cholesterol maaeureittsuts: Im¬ 
plications for screening and monitoring. J. Ctln. Epidemiol. 43, 783-7B9. 

Van Eoppel, G,. Kok, F. J., Duuzings, P., and Dc Vogel, N. (1992), No Influence of bsta-caroiene oh 
amoking induced £>NA damage '« reflected by sister chromatid exchanges, lm. J. Cancer Si 
355-358, 

Van Vunskis. H., Taahkin, D. F., Rigaa, B., Simmons. M„ Gjika, H. B., and Clark, V. a. (1989). 
Relative sensitivity and spfcdflcity of salivary and serum coiinine in identifying inbaecs-sinoking 
status of self-reported nonsmokcix and smokers of tobacco and/or mUryuana. Arch Environ 
Health 44, 53-58. 

Wald, H. 1„ BarsHsm, J., Bailey, A,. Ritchie, C., Haddew, J. E., and Knight, G. £1984). Urinary 
ra Li nine as marker of breathing others people's tobacco smoke, Cancel 28, 230-231. 

Wall, M. A.. Johnson, J„ Jacob, P, ( and Banoudtz, N, L. (1988). Cotinme in the serum, saliva, and 
mine of aprsfimokers, passive smokers, and active smokers, am. J, Public Heath 78, £99-701. 

Zcidenbcrg, P, Jeffs, J. H.. Kanrier. M., Ls«Itt, M. D., Lanpone, J. J,, and Van Vunakis, H. (19 77). 
Nicotine: Colioiue levels in blood during cessation of smoking. Comp. Psyckiajr, IB, 93-101. 


D£ J 952I0DD6SS : 91 US/9S' 91 10,51 *20 (HH1) 


Moimos iMamooa isliom 


PM3006484923 


Source: https://www.industrydocuments.ucsf.edu/docs/jthj0001 













